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Purpose: This narrative review covers original publications related to imaging in osteoarthritis (OA)
published in English between 1 April 2014 and 30 April 2015. Novel lessons relating to imaging are
described.
Methods: An extensive PubMed database search was performed based on, but not limited to the terms
“OA” in combination with “Magnetic resonance imaging (MRI)”, “Imaging”, “Radiography”, “Ultrasound”,
“Computed tomography (CT)” and “Nuclear medicine” to extract relevant studies. In vitro data and animal
studies were excluded. This review focuses on the new developments and observations based on the
aforementioned imaging modalities, as well as a ‘whole-organ’ approach by presenting ﬁndings from
different tissues (bone, meniscus, synovium, muscle and fat) and joints (hip, lumbar spine and hand).
Results and conclusions: Over the past year, studies using imagine have made a major contribution to the
understanding of the pathogenesis of OA. Signiﬁcant work has continued at the knee, with MRI now
being increasingly used to assess structural endpoints in clinical trials. This offers the exciting oppor-
tunity to explore potential disease modifying OA therapies. There has been a clear interest in the role of
bone in the pathogenesis of OA. There is now a growing body of literature examining the pathogenesis of
OA at the hip, lumbar spine and hand. The future of imaging in OA offers the exciting potential to better
understand the disease process across all joints and develop more effective preventive and therapeutic
interventions.
© 2015 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Imaging modalities have made a major contribution to our un-
derstanding of the pathogenesis of osteoarthritis (OA). Available
modalities include radiography, ultrasonography, computed to-
mography (CT), magnetic resonance imaging (MRI), and positron
emission tomography (PET).
MRI is becoming the most widely used modality in epidemio-
logical studies for assessment of joint structures. Compositional
MRI enables the assessment of cartilage integrity. In addition to
articular cartilage and subchondral bone, imaging assessments of
other tissues such as fat, muscle, meniscus, and synovium are now
commonplace and helping to understand OA as a ‘whole-organ’F.M. Cicuttini, Department of
ublic Health and Preventive
rne, VIC 3004 Australia. Tel:
Cicuttini).
ternational. Published by Elsevier Ldisease. Although a large body of research has focussed on the knee,
the past year has seen an extension of such work examining other
joints, including the hip, lumbar spine and hand.
This narrative review covers original research published be-
tween 1 April 2014 and 30 April 2015, and examines imaging in OA
e a year in review. This review focuses on the new developments
and observations based on imaging between these time frames.Methods
A literature search was performed using the PubMed database,
based on but not limited to the terms “OA” in combination with
“MRI”, “ultrasound”, “radiography”, “CT” or “nuclear medicine”.
Only original articles published in English were included. Review
articles, in vitro data and animal data were excluded. A total of 480
publications were identiﬁed. Studies considered by the authors to
provide novel scientiﬁc and/or clinical information were included
in this review.td. All rights reserved.
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New lessons from radiography
Bone shape is important in knee OA e but is it cause or effect?
In a cross-sectional study of 1,324 people with and without
radiographic knee OA admitted to hospital with knee pain, relative
to controls, people with knee OA demonstrated a longer femur
mediolateral and a shorter femur anteroposterior length, together
with a greater difference between these two lengths and a greater
difference between the tibia mediolateral and femur mediolateral
length1. Another study examined the differences in bone texture
among participants with different stages of knee OA and age- and
gender-matched healthy controls2. Bone density-related and
structure-related parameters quantitatively evaluated from plain
radiographs were higher in OA knees than control knees2. The
multicentre osteoarthritis study (MOST) utilised lower-limb radi-
ography to examine whether hip and pelvic geometry were asso-
ciated with the presence of compartment-speciﬁc knee OA3. Knees
with lateral tibiofemoral OA had reduced femoral offset, increased
height of hip centre, more valgus neck-shaft angle and increased
abductor angle compared with those without knee OA. In contrast,
knees with medial tibiofemoral OA were associated with a more
varus neck-shaft angle and a decreased abductor angle3. Never-
theless, the cross-sectional nature of these studies precludes any
comment as to whether bone shape predated or was a consequence
of OA.
Systemic bone mineral density (BMD) is linked to radiographic OA e
particularly osteophytosis
High bone mass, deﬁned according to BMD Z scores on dual X-
ray absorptiometry, was associated with an increased prevalence of
radiographic knee and hip OA4e6. High bone mass had a stronger
association with osteophytosis than joint space narrowing at the
knee4. High bonemass was associated with increased prevalence of
radiographic hip OA, osteophytes, and subchondral sclerosis, but
not the prevalence of joint space narrowing5. Moreover, entheso-
phytes were associated with high bone mass and enthesophyte
grade was positively associated with BMD at both the total hip and
lumbar spine. Osteophytes were positively associated with enthe-
sophytes, suggesting a strong interrelationship between osteo-
phytes, enthesophytes, and high bone mass6. Taken together, these
data suggest a potential hypertrophic phenotype of OA, charac-
terised by increased bone formation (osteophytes and entheso-
phytes) rather than joint space narrowing, and related to a high
systemic BMD.
New lessons from CT
A novel measure of subchondral BMD and articular cartilage
Although most previous research using cone beam computed
tomography (CBCT) in joint disorders has focussed on the tempo-
romandibular joint, last year this technique was extrapolated to the
knee joint. CBCT detects changes in volumetric BMD of subchondral
bone. A recent study determined volumetric BMD of cortical bone,
trabecular bone, subchondral trabecular bone and subchondral
plate of 10 cadaver (ex vivo) and 10 volunteer (in vivo) distal femora
using a clinical CBCT scanner7. Strong linear correlations were
found between the volumetric BMD values measured with the
CBCT and CT scanners. The differences between the volumetric
BMD of cortical bone, trabecular bone and subchondral bone were
similar and independent of the scanner7. Arthrographic images
enabled sensitive detection of cartilage lesions. The contrast agent
partition in intact cartilage (International Cartilage Repair Society,
ICRS, grade 0) was lower than that of cartilage surrounding the ICRSgrade IeIV lesions8. Another study used contrast enhanced CBCT to
image contrast agent diffusion in isolated human menisci and
found that shorter delay between injection and imaging (e.g.,
40 min) could be feasible in clinical diagnostics of meniscal pa-
thologies9. These ﬁndings suggest that CBCT enables not only
quantitative analyses of articular cartilage, but also subchondral
bone volumetric BMD. This technique could provide an exciting
future for alternative means of diagnosing knee pathologies.
New lessons from ultrasound
Ultrasonographic abnormalities are common and correlate with
clinical endpoints
In the past year, several studies have correlated ultrasound
ﬁndings with radiographic and clinical features of knee OA. A
recent cross-sectional study has attempted to develop standardized
musculoskeletal ultrasound procedures and scoring for detecting
knee OA by assessing morphological changes and inﬂammation10.
The ability of ultrasound score to discern various degrees of knee
OA was tested by using plain radiography and the ‘Knee injury and
Osteoarthritis Outcome Score’ (KOOS) domains as comparators.
Ultrasound score was found to be reliable and valid in detecting
knee OA by showing all aspects of knee OA10.
Ultrasound is sensitive for detection of synovial abnormalities
and effusion. A caseecontrol study found that effusion and synovial
hypertrophy were more common in knees with OA than those
without OA, and that the severity of effusion and synovial hyper-
trophy were moderately correlated with radiographic severity of
knee OA11. Similarly, an ultrasound hip study showed that large
joint effusions correlated with radiographic ﬁndings of rapidly
destructive OA12. Meniscal bulging was shown to be associated
with radiographic joint space narrowing and KeL grades; meniscal
bulging and presence of Baker's cyst and joint effusion were asso-
ciated with worse pain or poorer function13.
Ultrasound is more sensitive than radiographs in detecting
osteophytes
The Newcastle Thousand Families birth cohort is the ﬁrst to
assess the prevalence of ultrasound features of OA in a population-
based study14. The presence of osteophytes and effusion were
scored from knee images, osteophytes and femoral head abnor-
mality for hip images, and osteophytes for the hand images. The
prevalence of osteophytes was 70% at the distal interphalangeal
joint, 3% for index proximal interphalangeal joint, 10% for meta-
carpophalangeal joint, and 41% for thumb base carpometacarpal
joint. Prevalence was 30% for knee osteophytes and 24% (right) and
20% (left) for knee effusions. The prevalence of hip OA was 41%.
Ultrasound evidence of generalised OA (48%) and isolated hand OA
(31%) was common, compared to isolated hip or knee OA (5%) and
both hip and knee OA (3%). The higher prevalence of hand and hip
OA observed in this study compared with previous radiographic
studies, supports the hypothesis that ultrasound is more sensitive
than radiography in detecting OA, particularly for osteophytes14.
Further workwill be needed to determine its role in clinical settings
and epidemiological studies.
Ultrasound provides a comprehensive assessment of cartilage at
arthroscopy
Arthroscopic ultrasound imaging has been used to quantita-
tively evaluate articular cartilage. A study found higher ICRS grades
on ultrasound images than those based on conventional arthros-
copy, since ultrasound reveals additional information such as the
relative depth of cartilage lesion15. Ultrasound reﬂection and scat-
tering in cartilage varied signiﬁcantly along the ICRS scale. The
ﬁndings of this study suggest a role of arthroscopic ultrasound
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information on cartilage15.New lessons from nuclear medicine
PET may detect early bone metabolism in OA
Few studies using nuclear medicine methods to assess OA were
performed last year. 18F-ﬂuoride PET is a functional imaging mo-
dality used primarily to detect increased bonemetabolism. A strong
correlation was shown between the maximum standardized up-
take value (bone remodelling acceleration) and maximum equiva-
lent stress (mechanical stress) in hip OA, suggesting that 18F-
ﬂuoride PET may be able to detect increased bone metabolism at
sites of stress concentration16. A study compared 18F-ﬂuoride PET
and MRI in evaluating early-stage hip OA and found 18F-ﬂuoride
PET could detect bone abnormalities earlier than MRI17. Another
PET study reported higher joint 18F-ﬂuorodeoxyglucose uptake in
hand OA, relative to normal controls18. Such methodology may be
useful in mechanistic studies in OA.What is new in MRI?
Morphologic MRI
Further afﬁrmation that early morphological abnormalities predate
symptoms, structural progression and joint replacement surgery
The past year has extended previous work on joint morphology
in knee OA. In the Osteoarthritis Initiative (OAI), cartilage damage,
bone marrow lesions (BMLs), meniscal tears, and meniscal extru-
sion were common and associated with prevalent frequent knee
symptoms and/or incident persistent symptoms in people at
increased risk of knee OA19. In the MOST Study, worsening of
tibiofemoral cartilage damage, meniscal damage, and meniscal
extrusion were independent predictors of joint space narrowing
progression in the same compartment with increasing number of
MRI features associatedwith further joint space narrowing20. In the
OAI cohort, cartilage damage, BMLs, meniscal damage, synovitis
and effusion predicted knee replacement in the following year21.
The trajectory of femorotibial cartilage loss within 4 years prior to
knee replacement was examined in a nested caseecontrol study
from the OAI22. In knees with subsequent replacement, cartilage
thickness loss accelerated in the 2 years, and particularly in the year
prior to surgery, compared with controls22. Patellar BMLs were
associated with incident patellofemoral cartilage damage19,
increased knee pain, patellar cartilage defects and patellar cartilage
volume loss23.Compositional MRI
Cartilage quality e increased thickness but poor structural integrity
When high resolution T1r mapping of in vivo human knee
cartilage at 7T was examined, 3D-T1 rmaps of in vivo human knee
cartilage could be obtained with clinically acceptable scan times
and speciﬁc absorption rate constraints, providing the ability to
characterize cartilage molecular integrity24. A decrease in the
delayed gadolinium-enhanced MRI of cartilage (dGEMRIC) index
(less proteoglycan content) at the central medial femur over 2 years
was associated with an increase in cartilage thickness at the central
medial femur and medial tibia, suggesting that an increase in
cartilage thickness may be related to a decrease in proteoglycan
concentration, representing swelling of cartilage in early stages of
degeneration25.Cartilage quality e associated with morphologic changes
A cross-sectional study measured damaged areas of cartilage
with diffusion tensor imaging and T2 mapping, and compared with
the Outerbridge scale from arthroscopic knee surgery26. It was
shown that diffusion tensor imaging can be used to detect early
stage cartilage damage and distinguish normal from damaged
cartilage, while T2mapping can be useful for detecting moderate or
severe cartilage damage26. At the shoulder, there was a signiﬁcant
increase in T2 relaxation times in those with primary OA compared
with those without OA27. At the hip, region-speciﬁc T1r and T2
relaxation times of hip cartilage were associated with cartilage
defects and radiographic hip OA28.
Meniscal pathology: implications for cartilage quality
High-grade damage of the medial meniscus was associated with
lower dGEMRIC indices, suggesting the role of dGEMRIC in
detecting early cartilage degenerative changes due to meniscal
damage29. A prospective cohort of patients with partial meniscec-
tomy demonstrated that lower T1 relaxation time of dGEMRIC of
medial and lateral femoral cartilage was associated with higher
grade of joint space narrowing and osteophytosis 11 years later30.
It is not all about cartilage
Bone
Further evidence for the integral role of bone in OA pathogenesis
The past year has seen several studies supporting the impor-
tance of bone shape in the pathogenesis of knee OA. Active
appearance modelling (AAM) of knee MRI has enabled accurate, 3-
dimensional (3D) quantiﬁcation of joint structures in large cohorts.
3D bone area was largely explained by body height, while radio-
graphic measures of OA (joint space width, osteophytes and scle-
rosis) accounted for only a small amount of variation in 3D knee OA
bone area31. Body mass index, gender and alignment had only a
small effect on the rate of change of bone area32. Nevertheless,
changes in 3D bone area discriminated people with OA from con-
trols, with bone area increasing more in knees with OA32.
Compartment-speciﬁc subchondral bone size mismatch, measured
by the tibiofemoral subchondral surface ratio, was examined for its
association with incident or progressive OA, and incident symp-
toms33. Both medial and lateral subchondral surface ratios were
stable over 2 years. A larger lateral subchondral surface ratio was
protective against the incidence and progression of lateral knee OA
over 2 years, and a larger medial subchondral surface ratio was
protective against the incidence of OA-related symptoms over 4
years33.
Meniscus
New approaches to assessing the meniscus
When delayed gadolinium-enhanced MRI of the meniscus was
performed in patients with knee OA, degenerated menisci had
lower T1 relaxation time compared to normal menisci, and there
was a strong correlation between meniscus and cartilage T1
relaxation time34. It was possible to visualize both femoral cartilage
and the meniscus in healthy volunteers using 3D dGEMRIC 90 min
after the injection of a double dose of contrast agent35. An auto-
mated MRI scheme for the segmentation and quantitative analysis
(including volume, subluxation and tibial-coverage) of medial and
lateral meniscus of normal and osteoarthritic knee was validated
using the data from the OAI, facilitating analyses of the menisci in
prospective cohort studies for investigations of early pathophysi-
ological changes in OA development36.
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Synovitis predicts structural damage and knee OA
A nested caseecontrol study of participants selected from the
OAI found that effusion-synovitis and Hoffa-synovitis, assessed
from non-contrast-enhanced MRI, strongly predicted incident
radiographic knee OA37. A prospective cohort study found that
effusion-synovitis, assessed from non-contrast-enhanced T2-
weighted MRI, predicted increased cartilage defects, cartilage vol-
ume loss, and increase in BMLs38.
Muscle
Size and fat matter
There are several studies in the past year examining the asso-
ciation between muscle morphology and risk of OA, all from the
OAI. Greater reduction in quadriceps cross-sectional area over 2
years was observed in those with structurally progressive knee OA
relative to non-progressive controls39. Quadriceps cross-sectional
area reduced and intermuscular fat increased over 4 years, but
these changes were not associated with chronic knee pain40. The
proportion of quadriceps head relative to total muscle anatomical
cross-sectional areas and volume depended on the anatomical level




Infrapatellar fat pad size measured from MRI has been corre-
latedwith knee structural features, pain, and radiographic knee OA.
In a cross-sectional study of older adults, the maximum area of
infrapatellar fat pad was associated with beneﬁcial knee structure
and symptoms, including reduced joint space narrowing and
osteophytes, increased tibial and patellar cartilage volume, reduced
cartilage defects and BMLs, and reduced knee pain42. Longitudi-
nally, maximum area of infrapatellar fat pad predicted reduced
tibial cartilage volume loss, reduced risk of medial cartilage defect
progression, and reduced knee pain over 2.6 years in older
women43.
Localised fat e an inﬂammatory signal
In a 3-T conventional and dynamic contrast-enhanced MRI
cross-sectional study of obese patients with knee OA, the extent of
inﬂammation in the infrapatellar fat pad was assessed44. Both
perfusion variable inﬂammation and Hoffa-synovitis were associ-
ated with the severity of knee pain44. Hoffa-synovitis strongly
predicted the incidence of radiographic knee OA37. Similarly, signal
intensity alteration with suprapatellar fat pad was associated with
increased risk of knee pain, radiographic knee OA and BMLs45.
A world beyond the knee
While the emphasis in the past year has predominantly been on
imaging in knee OA, more work is occurring at other joints.
Hip
Where does early hip damage arise?
Community-based adults with diagnosed hip OA had less
femoral head cartilage volume and a higher prevalence of cartilage
defects and BMLs when compared with those without diagnosed
hip OA46. Furthermore, in those without hip OA, less femoral head
cartilage volume was apparent when cartilage defects or BMLs
were present in the anterior and central superolateral regions ofthe hip joint46. While increased fat mass was associated with an
increased risk of cartilage defects in the central superolateral region
of the femoral head, increased fat free mass was associated with a
reduced risk of cartilage defects in this region47. Greater body mass
index and fat mass were associated with reduced femoral head
cartilage volume in females, and greater fat free mass was associ-
ated with increased femoral head cartilage volume47. Occupational
exposure to heavy lifting and stair climbing were associated with
increased risk of cartilage defects and BMLs of the central supero-
lateral femoroacetabular region48. These ﬁndings suggest that the
location of early structural changes, speciﬁcally those in the
superolateral region of the hip joint, may be important targets for
modifying the natural history of hip OA.Hip bone shape is a determinant of joint degeneration and may be
modiﬁable
In the past year, there has been accumulating evidence for the
importance of hip bone shape in the pathogenesis of hip OA.
Femoroacetabular impingement (FAI) has been recognised as major
cause of early onset of hip OA. Cam-type FAI and mild acetabular
dysplasia assessed from pelvic radiographs predicted the devel-
opment of radiographic OA and total hip replacement in a large
population-based cohort of women49. In an MRI study of
community-based adults, increased acetabular depth (a measure of
pincer-type FAI) was associated with reduced femoral head carti-
lage volume and an increased risk of cartilage defects and BMLs50.
Larger femoral neck anteversion and shorter abductor lever arm
assessed from CT were associated with the development of OA in
dysplastic hips51. Bone shape appears modiﬁable. For instance,
obesity was associated with the lateral centre edge angle and
acetabular depth, both markers of pincer-deformity50. Semi-
professional soccer players had a higher prevalence of an
increased alpha angle (a measure of cam-type FAI) assessed from
MRI in the kicking leg than the amateur group at the same age, and
the kicking leg was predisposed for FAI52.Lumbar spine
Structure and symptoms e the debate continues with some
promising ﬁndings
There have been several studies in the past year investigating
the complex interrelationship between structural features of the
lumbar spine assessed fromMRI or CT and low back pain. In a cross-
sectional study of community-based participants not selected by
low back pain, MRI-detected fat inﬁltration of paraspinal muscles
was associated with other structural abnormalities (vertebral
endplate lesions and smaller intervertebral disc height), as well as a
greater risk of high-intensity pain and disability53. In another
community-based cross-sectional study, lumbar spine facet joint
OA, identiﬁed by multi-detector CT, was associated with low back
pain in women but not men54. Vertebral endplate lesions (Modic
change) were an independent risk factor for episodes of severe and
disabling low back pain in middle-aged women55, while the com-
bination of disc degeneration and end plate signal change was
highly associated with low back pain56. Three forms of vertebral
endplate lesions exist, according to their appearance on T1 and T2
weighted-images, each with varied histological phenotypes57.
Although mainly cross-sectional data exists, only type 1 Modic le-
sions (which histologically represent oedema and inﬂammation)
were positively associated with low back pain intensity and
disability58. Similarly, type 1 modic change was associated with
more back pain and an increased risk for no improvement in pain
and function and unsuccessful return to work59.
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MRI and ultrasound ﬁndings predict progression of hand OA and
symptoms
The Oslo hand OA cohort provided the ﬁrst longitudinal hand
MRI study. Synovitis, BMLs and joint space narrowing were pre-
dictors of progression of hand OA over 5 years, and synovitis, BMLs,
joint space narrowing, bone damage, osteophytes andTable I
Summary highlights e the year in review
Authors Modality Highlight
Lessons from older imaging modalities
Bone shape is important at the knee and hip
Isik D, et al.1 Radiography Relative to healthy controls p
Boissonneault A, et al.3 Radiography Hip and pelvic geometry are
Thomas GE, et al.49 Radiography Cam-type FAI and acetabular
High bone mineral density is associated with knee and hip OA
Hardcastle SA, et al.4e6 Radiography High BMD Z scores are assoc
Potential new approaches to examining joint structures
Turunen M, et al.7 CT CBCT can measure volumetri
Kokkonen HT, et al.8 CT Arthrographic images enable
Riecke BF, et al.10 US Ultrasound score is reliable a
Abraham AM, et al.14 US US demonstrates higher prev
Liukkonen J, et al.15 US Arthroscopic ultrasound imag
Hirata Y, et al.16 Kobayashi N, et al.17 PET 18F-ﬂuoride uptake is associa
than MRI
Ultrasonographic abnormalities correlate with clinical endpoints
Hall M, et al.11 US Effusion and synovial hypertr
severity of knee OA
Birn J, et al.12 US Large joint effusions correlate
Malas FU, et al.13 US Meniscal bulging is associate
What is new in magnetic resonance imaging?
Morphological structural abnormalities predict clinical endpoints
Sharma L, et al.19 MRI Cartilage damage, BMLs, men
symptoms and/or incident pe
Roemer FW, et al.21 MRI Cartilage damage, BMLs, men
replacement
Eckstein F, et al.22 MRI Accelerated cartilage thickne
Composition of cartilage inﬂuences morphometry
Crema MD, et al.25 MRI Poorer dermis endpoints are
swelling”
Ukiah T, et al.26 MRI Diffusion tensor imaging can
Wyatt C, et al.28 MRI T1r and T2 relaxation times
Crema MD, et al.29 MRI Poorer dermis indices are ass
Woman H, et al.30 MRI Following partial meniscecto
grade of joint space narrowin
It is not all about cartilage
Bowes MA, et al.32 MRI 3D bone area discriminates pe
OA
Everhart JS, et al.33 MRI Compartment-speciﬁc subcho
symptoms
Atukorala I, et al.37 Wang X, et al.38 MRI Effusion-synovitis and Hoffa-
cartilage volume loss, and inc
Han W, et al.42 Pan F, et al.43 MRI Larger infrapatellar fat pad is
Wang J, et al.45 MRI Signal intensity of suprapatel
Teichtahl AJ, et al.50 MRI Increased acetabular depth is
cartilage defects and BMLs
A world beyond the knee
Teichtahl AJ, et al.46e48 MRI The anterior and central supe
inﬂuenced by modiﬁable lifes
Teichtahl AJ, et al.53 MRI Fat inﬁltration of paraspinal m
pain and disability
Maatta JH, et al.55 Jarvinen J, et al.58
Jensen OK, et al.59
MRI Vertebral endplate lesions ar
Haugen IK, et al.60 MRI Early MRI changes (e.g., syno
erosions
Mathiessen A, et al.62
Kortekaas MC, et al.63
US Doppler signal, among other
Therapeutics and imaging outcomes
Teichtahl AJ, et al.65 MRI Weight change in a knee wit
Henriksen M, et al.66 MRI Exercise as an intervention, B
Kwoh CK, et al.67 Pelletier JP, et al.69
Roubille C, et al.70
MRI Pharmacological RCTs use MRmalalignment were all associated with the development of radio-
graphic erosions60. Increasing or incident MRI-deﬁned synovitis
and BMLs were associated with incident joint tenderness in hand
OA over 5 years61. Baseline ultrasound detected gray-scale synovitis
and power Doppler signals predicted radiographic progression of
hand OA after 5 years62. Another study showed that ultrasound
detected inﬂammatory features, including synovial thickening,
effusion and power Doppler signal, especially when persistentlyeople with knee OA have different femoral and tibial bone shapes
associated with the risk of compartment-speciﬁc knee OA
dysplasia predict development of hip OA and joint replacement
iated with increased prevalence of hip and knee OA, speciﬁcally osteophytosis
c BMD of cortical, trabecular, and subchondral trabecular bone
s sensitive detection of cartilage lesions
nd valid in detecting knee OA
alence of osteophytes in hand and hip OA than radiographic studies
ing quantitatively evaluates articular cartilage
ted with mechanical stress in hip OA and can detect bone abnormalities earlier
ophy are more common in knee OA, with severity correlating with radiographic
s with rapidly destructive hip OA
d with radiographic joint space narrowing and KL grades
iscal tears, and meniscal extrusion are associated with prevalent frequent knee
rsistent symptoms
iscal damage, synovitis and effusion predicted short-term need for knee joint
ss loss is greatest closest to the time of knee replacement
associated with increased cartilage thickness, potentially representing “cartilage
distinguish early cartilage damage
of hip cartilage are associated with cartilage defects and radiographic hip OA
ociated with high-grade medial meniscal damage
my, poorer demerit indices of the femoral cartilage are associated with higher
g and osteophytosis
ople with OA from normal controls, with bone area increasing more in knees with
ndral bone size mismatch predict incident and progressive OA, and incident
synovitis predict incident radiographic knee OA, increased cartilage defects,
rease in BMLs
associated with beneﬁcial knee structure and symptoms
lar fat pad is associated with increased risk of knee pain and radiographic OA
associated with reduced femoral head cartilage volume and an increased risk for
rolateral region of the hip joint is a “hot spot” for structural damage that may be
tyle determinants
uscles is associated with other structural abnormalities in the spine, as well as
e a risk factor for low back pain
vitis, BMLs) are predictors of progression of hand OA and can predict radiographic
ultrasonographic features, predicts radiographic progression of hand OA
h a meniscal tear is a potent determinant of cartilage change
MLs as a structural endpoint
I structural endpoints
Y. Wang et al. / Osteoarthritis and Cartilage 24 (2016) 49e5754present, were associated with radiographic progression of hand OA
over 2.3 years63.
But reliability doubts continue
The OMERACT ultrasonography group assessed the reliability of
a global ultrasonography score in patients with hand OA using
semiquantitative ultrasonography scores of cartilage and osteo-
phytes in ﬁnger joints64. They endorse the use of semiquantitative
scoring of osteophytes with the ultrasonography atlas as reference,
but do not recommend the use of the present semiquantitative
ultrasonography scoring system for cartilage pathology in hand
OA64.
Therapeutics and imaging outcomes
The role of MRI in understanding impact of risk factors in knee
OA and as an outcome measure in clinical trials has been high-
lighted from studies examining non-pharmacological and phar-
macological interventions.
Non-pharmacological therapies
Watch your weight if you have MRI-detected meniscal pathology
A prospective cohort study of community-based adults with no
history of knee OA or knee injury demonstrated that weight gain
was associated with increased medial tibial cartilage loss and pain
in those with medial meniscal tears; with no signiﬁcant association
observed in those without meniscal tears65. Similarly, the study
demonstrated that weight loss attenuated the rate of cartilage
volume loss and protected against pain only among people with
medial meniscal tears65.
Exercise may increase BMLs at the knee
In a randomized controlled trial of 192 obese people with knee
OA, participants were all exposed to a 16-weekweight loss program
and then randomised to 52 weeks of either (1) dietetic support, (2)
a knee exercise program or (3) no attention. While there were no
between-group differences for cartilage loss, the exercise group
had increased number of BMLs66.
Pharmacological therapies
Glucosamine e the jury is out
The short-term efﬁcacy of oral glucosamine supplementation on
knee structural lesions in people with mild-to-moderate pain was
examined in a randomized controlled trial. Therewere no between-
group differences in changes of cartilage damage or worsening
BMLs over 24 weeks, but the control subjects showed more
improvement in BMLs67. This could therefore infer a deleterious
effect of intervention with glucosamine. A cohort study within the
OAI analysed the effect of conventional OA pharmacological treat-
ment or the combination of glucosamine and chondroitin sulfate68.
Participants who took the combination of glucosamine and chon-
droitin sulfate had reduced loss of cartilage volume over 24months
in knee subregions when assessed with quantitative MRI, with no
signiﬁcant reduction in joint space narrowing68.
Strontium ranelate shows promise as a proof of concept
In a Phase III clinical trial in patients with knee OA, strontium
ranelate 2 g/day had beneﬁcial effects on structural changes by
signiﬁcantly reducing cartilage volume loss in the plateau and BML
progression in the medial compartment69. In the same trial, the
impact of meniscal extrusion on knee OA structural progression
and on response to strontium ranelate treatment was evaluated70.
This study showed, for the ﬁrst time, a combined, cumulative effectof meniscal extrusion and BMLs on cartilage volume loss, and
that strontium ranelate may have protective effects in OA patients
with meniscal extrusion as well as when both meniscal extrusion
and BMLs are co-localized70. Nevertheless, the cardiovascular
concerns relating to the use of strontium ranelate in clinical prac-
tice provides proof of concept, rather than wide reaching clinical
implications.
Conclusion
Over the past year, studies using imagine have made a major
contribution to our understanding of the pathogenesis of OA
(Table I). Signiﬁcant work has continued at the knee, with MRI now
being increasingly used to assess structural endpoints in clinical
trials. This offers the exciting opportunity to explore potential
disease modifying OA therapies. There has been a clear interest in
the role of bone in the pathogenesis of OA. Importantly, there is
now a growing body of literature examining the pathogenesis of OA
at the hip, lumbar spine and hand. The future of imaging in OA
offers the exciting potential to better understand the disease pro-
cess and develop novel and effective interventions.
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